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This study investigates the extent to which sun-
screens protect humans from ultraviolet (UV)-radia-
tion-induced immunosuppression. In the presence of 
solar-simulated UV, three sunscreens with differing 
UV A transmission were assessed for their ability to 
protect the contact hypersensitivity (CHS) response 
to nickel of 16 nickel-allergic subjects. The sun-
screens contained 2-ethylhexyl para-methoxycin-
namate (cinnamate), cinnamate with oxybenzone, or 
cinnamate with zinc oxide, respectively. All had sun 
protection factors of 10 and hence inhibited UV 
erythema to similar extents. Volunteers were irradi-
ated on their backs with suberythemal UV daily for 
5 d after application of the sunscreens and their base 
lotion to different sites. Nickel-containing patches 
were then applied to both UV-treated sites and adja-
cent, unirradiated control sites. Erythema caused by 
nickel CHS at each site was quantitated 72 h later 
with a reflectance erythema meter. In comparison of 
the nickel reactions of irradiated and unirradiated 
S unlight can profoundly impair the immune function of the skin, and this ultraviolet (UV)-radiation-induced immunosuppression probably contributes significantly to cutaneous carcinogenesis (Yoshikawa et al, 1990; Streilein et al, 1994). The immunomodulatory effects of 
UV include reduced induction of contact hypersensitivity (CHS) 
and delayed hypersensitivity reactions, inhibition of tumor rejection 
in mice (Noonan et al, 1981; Ullrich et al, 1986), and suppression of 
immune responses to epicutaneous antigens in humans (Cooper et 
al, 1992) . Such alterations in immunity can occur even with small 
suberythemal doses of UV. 
It is therefore important that humans receiving even moderate 
sun exposure should be protected not only from the erythemal and 
mutagenic effects of UV but also from UV -induced immunosup-
pression. Murine studies have demonstrated that sunscreens can 
reduce UV -induced inhibition of the induction phase of CHS 
(Roberts and Beasley, 1995; Wolf et al, 1995), with greater 
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skin, there was 35% mean immunosuppression in 
unprotected UV -treated skin. Significant immuno-
suppression also occurred at sites irradiated through 
the narrow-spectrum cinnamate-only sunscreen but 
was prevented by the two broad-spectrum sun-
screens. To determine whether UV -induced suppres-
sion of the nickel response is specific for cell-medi-
ated immunity or reflects suppression of nonspecific 
inflammation, a further 16 subjects were patch-tested 
with a skin irritant, sodium lauryl sulfate (SLS), fol-
lowing a sunscreen and irradiation protocol identical 
to that of the nickel volunteers. UV had no significant 
effect on SLS responses. We conclude that nickel 
patch testing is a valid means of assessing UV -in-
duced immunosuppression in humans and that even 
with suberythemal UV, immune protection was pro-
vided only by sunscreens filtering both UV A and 
UVB. Key words: imnumos~tppressionlnickel. J Invest Der-
matol 109:146-151, 1997 
protection being provided by broad-spectrum rather than by nar-
row-spectrum sw<screens (Bestak et al, 1995). There have, how-
ever, been few published studies examining the ability of swl-
screens to protect the hmnan in"liDune system from UV radiation. 
Furthermore, these studies have yielded conflicting results and have 
tended to evaluate only single sunscreens, rather than directly 
compare the efficacy of preparations with differing levels of UVB 
(290-320 t"liD) and UVA (320-400 nm) transmission. Previous 
work has also tended to assess primary sensitization (Whitmore and 
Morison, 1995), natural killer cell activity (Hersey et al, 1987) and 
mixed epidermal cell lymphocyte responses (van Praag et al, 1991) 
rather than exploring UV -induced suppression of the effector phase 
of local immune responses. 
In tlus study, CHS responses to a recall antigen (nickel) were 
studied in nickel-sensitive subjects. Recent work by Donawho et al 
(1996) suggests that UV -induced suppression of the local effector 
mechatusms central in immune responses to recall antigens, such as 
reduced numbers and activity of local CDS+ lymphocytes, pro-
motes tumor outgrowth and tolerance to melanoma antigens in 
mice. Tlus type of UV immunosuppression is likely to be particu-
larly relevant to carcinogenesis in humans receiving most of their 
sun exposure on relatively small areas of skin. 
Nickel is a frequent contact allergen in the general population. 
Up to 15% of women and 5% of men (Fedler and Stromer, 1993) 
develop allergic contact dermatitis when exposed to nickel, most 
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commonly in earrings, watchbands, and other jewelry. It has been 
shown previously that UV radiation suppresses the allergic re-
sponses of these individuals to patch testing with nickel (Sjovall and 
Christensen, 1986) and that clinical improvement in the symptoms 
of nickel allergy occurs after whole-body UV irradiation (Kalimo et 
al, 1989; Troost et al, 1995). Nickel allergy is well characterized 
clinically (Adams, 1981) and immunologically (Sinigaglia, 1994) 
and hence provides a good model of effector immunity in humans. 
We have developed this model into a technique for evaluating the 
immune protection afforded by sunscreens. 
By using a low-dose solar-simulated irradiation protocol to 
suppress the patch test reaction to nickel, we report that sunscreens 
with broad absorption and reflectance spectra more effectively 
prevent UV -radiation- induced immunosuppression in humans, 
when compared with sunscreens offering only a narrow spectrum of 
protection. 
MATERIALS AND METHODS 
Subjects Twenty-nine nickel-allergic volw1teers (28 females and 1 male) 
of Fitzpatrick's skin types I to V (Fitzpatrick el a/, 1988) were recruited from 
the local university student population and hospital staff'. A further 18 
non-nickel-sensitive volunteers, matched for age and skin type wjd1 the 
rlickel group, were recruited for patch testing with sodium Iaury! sulf.1te 
(SLS), a nonspecific irritant. None of the volunteers had experienced sun 
exposure of their backs for at least 4 wk preceding the study. Educal 
approval was obtained for these experiments from both the Sydney 
Utuversity and Royal Prince Alfred Hospital Ethics Committees, and aU 
volunteers provided written informed consent prior to entry into the study. 
Nickel Patch Testing Nickel allergy was initially confirmed by patch 
testing with the Finn chamber technique, wjdely used in clinical dermatol-
ogy. Each volunteer was tested with three to five concentrations of 
NiS046H20 in a petrolatum base (Trolab Hermal, Reinbek, Germany) 
from 0.0125% to 5%. The various preparations were placed in 9-trutt-
diameter Finn chambers (Epitest, Tuusula, Finland), and the patches were 
taped to the nlidback. The patches were removed after 48 h and the reaction 
was assessed 24 h later by using a clinical scoring system. Each reaction was 
graded with a score from 0 to 10, depending on d1e degree of induration and 
vesiculation present. A positive nickel reaction consisted of erythema wid1 
induration at ilie site of the patch test, as in the Intemational Contact 
Dennatitis Research Group definition (Adams, 1981). Only volwtteers who 
displayed a confluent nickel reaction (score of 3 or more) were considered 
eligible for the study. By deternlining the nutumum nickel concentration to 
elicit such a reaction, more severe vesicular reactions were avoided during 
subsequent patch testing. 
Nickel-induced erythema was also measured with a reflectance spectrom-
eter (Diastron, Hampslure, U.K.), wiili an erythema index (EI) calculated as 
the diff'erence between e.rythema readings at the nickel test site and adjacent 
skin. All measurements were taken in triplicate wjth subjects resting in the 
prone position, and an average reading was then calculated for each site. To 
demonstrate the ability of the nickel model to distinguish small changes in 
rlickel reactivity, dose-response relationslups between nickel concentration 
and EI were exanlined for all eligible subjects as part of their initial patch 
testing. 
Sunscreens The three sunscreens contained 5% 2-ethylhexyl para-me-
tho"-]'Cinnamate (cinnamate), 3.5% cinnamate with 2% O"-]'benzone, and 
3% cinnamate wjth 2.05% zinc oxide, respectively. All formulations were 
prepared in an oil-in-water emulsion (base lotion) . The area of skin to be 
irradiated was divided into si..x segments, to allow daily application of d1e 
three sunscreen preparations and their base lotion to different areas (two 
segments were left nntreated) . At least 15 min prior to irradiation, each 
lotion was applied to the appropriate areas of the nlidback at a concentration 
of2 mg per cm2 (Sternberg and Larko, 1985). The lotions were washed off' 
With soap and water at ilie completion of each irradiation, and ilieir daily 
skin contact time was less than 2 5 min. 
UV Irradiation Solar- simulated UV irradiation was provided by an 
alternating auay of 2 UVB (20-w Philips TL12) and 6 UVA (20-w NEC 
TlO) fluorescent lamps. The lamps were filtered with 0.5-mm cellulose 
triacetate fihn (Eastman Kodak, Rochester, NY) to remove UVC (<290 
nm) and attenuate the UVB enussion to that appro,.-imating sunlight. 
Spectral irradiance of the filtered lamp array was measured at dte Com-
monwealth Scientific and Industrial Research Organization (Sydney, Aus-
tralia). The integrated irradiance ofd1e lamps at the skin surfuce was 0.3245 
mw UVB per cm2 and 4 mw UV A per cm2 , deternlined daily with an 
IL1350 broad-band radiometer using SED 038 (UVA) and SED 240 (UVB) 
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detectors calibrated against the source (Commonwealth Scientific and 
Industrial Research Organization, Sydney, Australia). 
By using tius UV source, the nutlintal erythema dose (MED) of the skin 
of the mid-to-upper back was determined for each subject as the lowest 
dose ofUVB at wluch clearly demarcated erythema was observed. The skin 
of dte nudback was then irradiated witlun a template 4 em X 6 em wid1 a 
suberythemal dose of UVB (97.5 :t 2.5 mJ per cm2 ) and accompanying 
UV A (1.23 J per cm2) daily for five consecutive days. AU subjects received 
the same amount ofUV, regardless of skin type or MED. Diff'erent areas of 
the template (each 2 em X 2 em) were randomly selected in each subject for 
application of the dtree sunscreens and base lotion. 
After the fifdt and final irracliation, nickel patches were reapplied to ilie 
back: one patch was placed in each of the four segments used to test the 
sunscreens and base lotion, one patch tested tlte unprotected irradiated skin, 
and two or more control patches were placed on adjacent mlirracliated skin 
(boti1 with and without sunscreens). A placebo patch containing petrolatum 
only was also included in the test array. The patches were left in place for 
48 h , and the CHS response assessed bod1 clnucally and wid1 d1e erytl1ema 
meter 24 h later. 
Unirradiated Sunscreen-Treated Sites To determine whether the 
snnscreens aff'ected nickel reactivity in the absence ofUV racliation, subjects 
were also patch-tested at sunscreen-treated 1111irradiated sites. The lotions 
were applied daily for 5 d (in the same manner as for the irradiated sites) and 
patch testing was d1en performed at each site . Since each subject can 
reasonably tolerate only eight patches at once (a positive tuckel reaction 
generally entails some degree of pruritus), an additional 10 subjects (all 
female) were recruited specifically for testing the four lotions on unirradi-
ated skin. The sunscreens and/or base lotion were applied to randomly 
selected areas adjacent to an irradiated site that received the irradiation 
protocol detailed above ru1d an unirradiated lotion-free control site. Each of 
the lotions was tested in dus way on a total of 16 subjects, matching the 
number used for sunscreen testing with UV. 
SLS Patch Testing Eighteen subjects were initially patch-tested witlt 
five concentrations of a nonspecific irritrutt, SLS (Sigma, St. Louis, MO) in 
distilled water (0.5-4%) . Fifteen microliters of each dilution were placed on 
filter-paper discs n1 9-mm Finn chruttbers, and the patches were taped to the 
midback and left in place for 48 h. Irritant responses to SLS were meamred 
\vitit the erythema meter 24 h later. The sunscreen and irradiation protocol 
for the SLS vo lunteers was identical to iliat used in the nickel volunteers. 
Each SLS volunteer was, therefore, nsed to test all three smtscreens and the 
base lotion in the presence of UV and at least two of ti1e lotions in dte 
absence of UV . 
Determination of Sun Protection Factor (SPF) of the Sunscreens Iu 
Vivo In addition to iu 11itro estimations of SPF (described below), d1e SPF 
of each sunscreen rutd the base lotion was detennnted iu vivo on the backs 
of five human volunteers of skin types I to lll. The UV source for SPF 
testing was the same Anorescent lamp array that was used for immunosup-
pression, rutd dte lotions were applied 15 mu1 before irracliation at a 
concentration of2 mg per cm2 . SPF was calculated as the ratio of the MEDs 
of sunscreen-treated and unprotected skin. 
Determination of Transmission Spectra of Sunscreens Iu Vitro By 
using an Optometries SPF Spectrophotometric System, UV transnlission 
through Transpore tape (3M, Sydttey, Australia) was automatically mea-
sured before and after application of ti1e lotions , by recorcling photocurrent 
at 5-nm nttervals from 290 nm to 400 urn. Tlus instrument also deternunes 
the ill 11itro SPF of each lotion as described previously (Bestak eta/, 1995). 
Relative transnlission spectra of the tiuee snnscreens were then determined 
by applying amounts of each lotion to the Transpore tape such that the iu 
vitro and iu vi110 SPF values were identical. 
Analysis of Data By comparing d1e nickel-induced El at various test sites 
with the EI at an unirradiated control site, percentage immunosuppression 
at each site was calculated thus: 
EJ (control) - EJ (test site) 
% nnmunosuppression = X 100%. 
El (control) 
The same metitod was used to calculate percentage changes in SLS-induced 
erythema. Statistical comparisons were made by comparntg erythema at the 
control site wjth erythema at test sites via paired two-tailed Student's t tests . 
Results we.re considered significant ifp < 0.05 and are presented as mean ::':: 
SEM. Correlations using linear regression analysis were also considered 
significant if p < 0.05. 
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RESULTS 
UV Source and Sunscreen Characteristics The relative spec-
tral irradiance curve of the UV source was similar to the solar 
spectrum within the wavelength range 290 run to 360 nm (UVB), 
although the fluorescent lamps emitted relatively less longer-
wavelength UV A than natural sunlight (Damian et al, 1997). By 
using our UV source, the ci.J.mamate-only and ci.J.rnamate and 
oxybenzone lotions had an SPF of10, the cilmamate and zil1c oxide 
lotion had an SPF of 9.5, and base lotion had an SPF of 1. 
Comparison of the SPF- adjusted transmission spectra of the three 
sunscreens (Fig 1) showed that although the UVB components of 
the three spectra were identical, transmission through the cill-
nanlate- only sunscreen rapidly increased beyond 330 nm. Cill-
namate and oxybenzone had the lowest transmission of short 
wavelength UV A (UV A II), and cinnamate and zmc oxide had the 
lowest transmission of longer UV A wavelengths (UV A l) . 
Nickel-Allergic Subjects None of the volunteers suffered sig-
nificant adverse effects from the nickel patch testing, and all 
completed the study. Two subjects were excluded from the results 
because of insufficient nickel reaction at the unirradiated control 
site (i.e., lack of confluent induration), despite an acceptable 
reaction to the initial patch test. A further subject was excluded 
because of a mild erythematous allergic reaction to the Scan pore 
tape. The average age of the 26 eligible subjects was 30 y (range, 
19-58 y), and their mean MED was 150 mJ UVB per cm2 (range, 
105-215 n'U per cm2). The daily dose ofUV (97.5 mJ UVB per cm2 
with accompanying UVA) was therefore 0.65 of the mean MED 
(range, 0.47-0.95). 
Nickel-Induced Erythema Correlates with Nickel Dose and 
Clinical Scores Dose-response curves for nickel concentration 
11ersus intensity of CHS showed close correlation between the EI 
and clinical scores of 29 subjects with il1creasing concentrations of 
nickel from 0.125% to 5% (Fig 2) . In each subject, three to five 
different concentrations of nickel were randomly allocated different 
positions within the patch test array, and the small SEM ofpoi.J.1ts on 
these curves (4 .5-10.5% of the mean) indicates good reproducibil-
ity of nickel patch testing at different sites on different subjects. 
There was a high degree of correlation between mean El and mean 
clinical scores at the different nickel concentrations (r = 0.99; p < 
0.001). 
In the sunscreen experiment, good correlation was also found 
between percentage ilnmunosuppression of nickel reactions as 
detemlined by clinical scoring and as determined with the erythema 
meter (r = -0.714; p < 0.001; n = 144 test sites). Ultrasound at 10 
mHz (ATL 9 HDI, Ultran1ark, Seattle, W A) was also used il1 one 
of our volunteers to compare depth of nickel-induced induration 
witl1 clitlicaJ scores and EI. The three measures of CHS were almost 
parallel over the five patch test sites. 
Immunosuppression Due to Suberythemal UV Is Prevented 
by Broad-Spectrum Sunscreens When the nickel reactions of 
tmprotected irradiated skin were compared with those of UJlirradi-
ated skin there was, on average, immunosuppression of 34.7% 
using the erythema meter data (range = -1% to 61.1%; n = 16; 
p < 0.001) and 23.3% usmg clinical scores (range = -14.3% to 
83.3%; p < 0.001) (Fig 3). In almost all cases, tins attenuation of 
the nickel reaction was clearly visible and palpable (Fig 4). 
Immunosuppression in nnprotected irradiated skll1 did not vary 
with either age (n = 25; r = 0.292; p > 0.05) or M"ED (r = -0.061; 
n = 26; p > 0.5) (Fig 5). 
Prior application of the cmnamate-only sunscreen reduced but 
did not prevent significant UV immunosuppression from occurring, 
with 18.2% mean reduction in nickel CHS measured with the 
erythema meter (p = 0.004) and 10.5% mean reduction ill clii1ical 
scores (p = 0.051) . In contrast, the sunscreen containil1g both 
cmnamate and OA')'benzone prevented significant immunosuppres-
sion . There was a nonsignificant 6.7% reduction in the mean EI and 
a 3.8% reduction in the mean clinical score of sites irradiated after 
application of this sunscreen. The sunscreen containil1g cil1nmnate 
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Figure 1. When normalized to the iu vivo SPF, the transmission 
spectra of the three sunscreens are identical in the UVB but 
different in the UV A . 
and zinc oxide also prevented significant inununosuppression 
(10.0% reduction il1 EI and 6. 7% reduction il1 clit1ical scores). 
Application of the base lotion prior to irradiation resulted in levels 
of immunosuppression similar to the level in untreated irradiated 
skill, with mean reductions of 40% and 22 .7% il1 EI and clinical 
scores, respectively (p < 0.001 in each case) (Fig 3) . 
Each of the three sunscreens and their base lotion were also 
tested for any effect in the absence ofUV. A total of 16 patch tests, 
on separate volunteers, was performed in this way for each lotion, 
and none of the lotions significantly affected 11ickel CHS il1 the 
absence of UV. Erythema was reduced by 0.4 ::'::: 6.2% il1 the 
presence of the base lotion (mean ::'::: SEM; n = 16), 1.4 ::'::: 8 .5% 
with cinnamate, -4.2 ::'::: 9.3% with cinnamate and OA')'benzone, 
and 9 ::'::: 8.1% with ci.J.rnamate and zinc oxide . 
SLS Subjects Eighteen subjects of skill types I to V were 
patch- tested with SLS. One subject was later excluded from the 
study because of a pruritic allergic reaction to the tape seeming the 
patches, and another subject was excluded because of i11sufficient 
irritant reaction to SLS (no detectable erythema at the unirradiated 
SLS test site). The mean age of the remaining 16 eligible subjects ( 5 
males and 11 females) was 29 y (range= 18-48 y) and their mean 
MED was 136 mJ UVB per cm2 (range = 75- 280 mJ UVB per 
cm
2). The same UV protocol was used as in the 11ickel study, and 
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Figure 2. Erythema indices parallelled the clinical intensity of 
nickel patch tests and proved a valid measure of nickel CHS. Mean 
erythema readings at the nickel concentrations used for initial patch testing 
of 29 voluntee~s closely parallel clinical measures of induration and 
vesiculation. A linear dose-response relationship is observed for the loga-
rithm of nickel concentration 11ers11s intensity of nickel CHS. En·or bars, SEM. 
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Figure 3. Narrow-spectrum cin-
nantate-only sunscreen (cinn) 
failed to prevent UV suppression of 
nickel CHS, as measured with the 
erythema meter (a). In contrast, two 
broad-spectrum lotions, containing cin-
namate and oxybenzone (O"-')') and ci.n-
namate and zinc oxide (zinc), prevented 
signjficant inununosuppression from oc-
cm-ring. The nickel responses at each 
site were also assessed by using clinical 
scores (b). Enw bars, SEM (n = 16). 
**p < 0.001; *p < 0.01, versus unirra-
diated (no UV) nickel test site (paired 
Student's t test). 
tlus dose of UV constituted an average of 0.7 MED m the SLS 
volunteers. 
UV and Sunscreens Do Not Significantly Affect SLS-Induced 
Erythema By using the erythema meter to compare SLS-induced 
erythema at irradiated and unirradiated sites, there was no signifi-
cant effect of UV on SLS-induced inflammation in irradiated 
unprotected skin (mean reduction in erythema of 7 .8%) (Fig 6). In 
skin irradiated through the base lotion, there was a nonsignificant 
11.2% reduction in SLS erythema, and nonsignificant 7. 7% and 
6. 7% reductions in skin irradiated through the cinnarnate- only and 
cinn.amate and OJ.}'benzone sunscreens, respectively. Skin irradi-
ated through the zinc oxide sunscreen, however, displayed a 
significantly less intense SLS reaction than the control patch (13.7% 
reduction in EI; p < 0.05). The base lotion, ci.tmamate-only, and 
oxybenzone sunscreens had no significant effect on SLS irritancy in 
unirradiated skin (6.5%, 9.4%, and 10.1% reductions i.t1 erythema, 
respectively). In contrast, the un.irradiated zinc-treated skin dis-
played 34.5% less erythema than the unirradiated lotion-free con-
trol sites (p < 0.05). 
DISCUSSION 
We have designed a low-dose UV protocol simulating the sw1 
exposure frequently experienced by humans in their normal daily 
acb.V1tles. Allowi.t1g for the spectral differences of ilie fluorescent 
lamps and sunlight, subjects received an average of 0. 7 MED daily, 
which would be as little as 8-10 mi.t1 of noon sun exposure in 
sununer at temperate latitudes (Urbach, 1993) . With tlus protocol, 
nickel CHS was attenuated by an average of35%. All subjects were 
given the same dose ofUV because of previous suggestions that UV 
immunosuppression is unrelated to the level of constitutive or 
facultative pigmentation (Vermeer eta/, 1991). Our results con-
firmed this observation, as we found that darker skinned subjects 
were as susceptible to immunosuppression by low-dose UV as those 
with less abundant mehuun. 
The three sunscreens in our study were formulated to provide the 
same erythemal protection but varying degrees of UV A filtration. 
Any difference in their ability to protect aga.i.t1st UV immw1osup-
pression could, tl1erefore, be reasonably attributed to differences in 
spectral transmission. Although the subjects were exposed to less 
than one MED per day, the cinn.amate-only sunscreen failed to 
prevent sig1uficant immunosuppression despite preventing sunbum 
at UV doses 10 times higher. Addition of sunscreen agents iliat 
attenuate UVA (oxybenzone or zi.t1c oxide) was required to 
prevent significant inununosuppression. Tlus result confirms the 
murine findi.t1gs of Bestak et a/ (1995) that broad-spectrum sun-
screens provide greater in1mune protection than narrow-spectrum 
sunscreens. One study i.t1 hwnans has indirectly compared the 
uv NoUV 
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c 
zine 
oxy Figure 4. UV-induced suppression of 
nickel CHS was visible and palpable . The 
w1protected irradiated control site (labeled UV-
C, note that the white border delineates the 
irradiated field) had a reduced nickel reaction 
(El = 88; clinical score= 3) compared with the 
unirradiated control site (labeled no UV -C; 
El = 108; clinical score = 4). Skin irradiated 
through the base lotion (base) showed a reduc-
tion in nickel CHS similar to that of unpro-
tected skin, and skin irradiated through the 
cinnamate-only (ci.Jm) , O"')'ben.zone (o,..')') and 
zinc-containing sunscreens displayed various 
degrees of UV immunosuppression. Each vol-
unteer was also used to test at least two of the 
lotions on unirradiated skin (labeled no UV) to 
detect any intrinsic i.mmunomodulatory effects 
of the sunscreens. 
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Figure 5. There was no correlation between MED and UV immu-
nosuppression of nickel CHS (calculated with the Els). Mean MEDs 
of subjects with Fitzpatrick's skin types I, II, III, and IV are 108, 120, 153, 
and 217 mJ UVB per cm 2 , respectively, determined previously with the 
same UV sou.rce (Damian et nl, 1997). 
immunosuppressive contributions of UVB and UV A by measuring 
cis-urocanic acid (UCA), believed to be an important mediator of 
UV immunosuppression, in UV-irradiated stratum corneum (Krien 
and Moyal, 1994). Significant cis-UCA formation was prevented by 
a sunscreen containing a UV A filter (Mexoryl SX) but not by two 
narrow-spectrum sunscreens (cinnamate ru1d Parsol). 
Although less biologica.lly effective than UVB, UV A radiation 
can induce erythema (Urbach, 1993), DNA mutations (Robert et al, 
1996), Langerhans cell depletion (Aberer et al, 1981), and skin 
cancer (Staberg et al, 1983; Sterenborg and van der Leun, 1990). 
There is marked variation in the biologic potency of different UV A 
wave bands, with shorter wavelengths (UV A II) being approxi-
mately 5 times more effective than longer wavelengths (UV A I) 
(Urbach, 1993) . In our study, although the cim1amate ru1d oxyben-
zone sunscreen had the lowest UV transmission in the range of 
330 - 350 nm and the cinnamate and zinc oxide preparation had the 
lowest trru1smission of wavelengths greater than 350 m11, both 
sunscreens provided a similar level of immunoprotection. Com-
UVonly 
base+ UV 
cinn + UV 
oxy+UV 
zinc+ UV 
zinc, no UV * 
0 10 20 30 40 50 
% suppression of inflammation 
Figure 6. Five-day suberythemal UV protocol had no significant 
effect on SLS-induced inflammation (as measured with the ery-
thema meter). Skin sites on each of 16 volw1teers were irradiated daily 
through the base lotion, cinnamate-only snnscreen (cinn), cinnamate and 
oxybenzone (oxy), and cinnamate and zinc oxide (zinc). Other sites were 
irradiated without prior application of lotions (UV only). Finn chambers 
containing SLS were affixed to these test sites after the fmal irradiation and 
left in place for 48 h and the erythema index at each site was measured 24 h 
later. Each lotion was also tested in the absence of UV on a total of 10 
volunteers, and only the zinc-containing lotion had significant effects on the 
intensity of SLS inflammation (zinc, no UV) . Error bars, SEM. *p < 0.01 
llet'SJIS unirradiated lotion-free control (no UV) by the paired Student's t test. 
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pared with sunlight, our fluorescent UV source was relatively 
def1cient in longer-wavelength UV A, so zinc oxride may possibly 
have provided superior imrnw1oprotection against a source more 
closely approximating solar UV A l. 
Nickel patch testing proved to be a feasible means of quantita-
tively assessing UV immunosuppression in human subjects. Nickel 
a.llergy is common in the general population, especia.lly in women, 
so volw1teers are easily recruited. UV-induced suppression of 
effector responses to recall antigens, including nickel, has been 
demonstrated previously in humans (Sjovall and Christensen, 1986; 
Kalin1o et al, 1989). The contrasting findings of Grabbe et al (1995), 
who found that CHS to a recall antigen (2,4,6-trinitrochloroben-
zene) was significantly enhanced in BALB/c mice after local UVB 
irradiation, may represent a difference in UV effects on human and 
murine CHS responses. Tie et al (1995), using 16 human subjects 
previously sensitized to 1-chloro-2,4- dinitrobenzene, claimed that 
UVB irradiation of buttock skin enhanced CHS to 1-chloro-2,4-
dinitrobenzene in some individuals . These reactions were, how-
ever, only enhanced relative to CHS elicited on unirradiated (but 
possibly srm-exposed) forearm skin, a11d it m ay be that the intrinsic 
immunoreactivity of these two sites is different. The intensity of 
secondary CHS in irradiated 11ersus unin·adiated buttock skin, in 
each volunteer, was not determined. 
Most studies ofUV suppression ofCHS in humans have involved 
primary induction of CHS . Since each individual can only be 
sensitized to a given antigen once, different groups of subjects are 
needed to evaluate the effects of different sunscreens. Interindi-
vidual variability in the intensity of CHS then increases the 
difficulty of detecting small differences in the degree of UV 
immw1osuppression. Jn our model, elicitation of CHS to a recall 
antigen allows more accurate comparison of the UV-induced effects 
at each test site because each subject serves as their own control. It 
is possible to use up to eight patches per subject, so each one can be 
used to test several sunscreens. Subjects can also be tested on more 
than one occasion. Recent studies of the reproducibility of nickel 
patch testing show that the use of Fum chambers containing 
weighed doses of nickel gives highly reproducible results when 
assessed with clinical scores (Lachapelle, 1989; Brasch eta/, 1994) in 
80 - 95% of tests . Recently, Memon and Friedmatm (1996) used an 
erythema meter to quantitate nickel CHS and compared nickel 
dose- response curves on the left and right back in 30 subjects . The 
curves were almost identical. 
In clinical dermatologic practice, erythema in combination with 
induration of patch test sites is ru1 accepted n1dicator of nickel 
allergy. We found good correlation between these two aspects of 
nickel CHS, although objective measurements with a reflectance 
meter afford greater sensitivity than touch and sight to small 
differences in the it1tensity of nickel reactions. Dose-response 
curves combining readings from 29 subjects demonstrated a high 
level of interit1dividual reproducibility. The linear relationship 
between the logarithm of nickel concentration and intensity of 
patch test reactions confirms the findings ofErm and Marks (1990), 
who found similar results for elicitation of CHS to both nickel 
sulfate and 1- chloro-2,4-dinitrobenzene. 
There will, of course, be slight variation n1 the erythema readings 
taken from each subject. This can occur if stronger nickel reactions 
are accompanied by the development of vesicles at the patch test 
site, because fluid in these vesicles can interfere with hemoglobit1 
reflectance. For tlus reason, nickel concentrations were customized 
for each volunteer to ensure good erythema and induration while 
avoiding grossly vesicular reactions. 
Previously, van Strien and Korstanje (1994) suggested site-
related variability in patch test responses. Laser Doppler flow meter 
values for patch test responses on the upper and lower back were 
compared, and blood flow at the fonner site was found to be 14% 
lugher. These measures were not, however, corrected for back-
ground skin blood flow and compared body sites considerably more 
dista11t than th'" sma.ll area of skin used for patch testing in our 
volunteers. In our model, random positioning of test subsites was 
used to elimn1ate potential anatomical influence on the results . 
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The use of a small area for patch testing then raises the possibility 
of augmentation of adjacent nickel reactions. By using polynomial 
multiple-regression methods, Anderson et al (1993) studied 72 
subjects, each patch tested with 10 different concentrations of 
nickel within an area of the back 5 em X 13 em. They determined 
that adjacent patches only enhanced responses by 0.04% of the dose 
at a given test site . In our study, random allocation of test subsites 
was intended to counter this effect when used on reasonable 
nmnbers of volunteers, and the use of low nickel concentrations 
prevented the development oflarge spreading nickel reactions. It is, 
in any event, likely that the potential intraindividual variation in 
nickel CHS is still smaller than the interindividual differences in 
immunoreactivity encountered when perfomling primary sensitiza-
tion on human volunteers. It is also impossible to assess the 
reproducibility of prin1ary contact sensitivity reactions in a given 
subject, because sensitization can only be performed once. 
To confirm that suppression of the nickel response is due to UV 
interference with specific in1mw1e processes and not with nonspecific 
infianunation, we also used our low-dose UV protocol in 16 subjects 
who were subsequently patch-tested with SLS, a classic model of skin 
irritancy (Lee and Ma.ibach, 1995). In our study, UV did not signifi-
cantly affect SLS-induced erytl1ema. This contrasts witl1 tl1e findings of 
Lanni et al (1989), who applied SLS patches to the backs of 12 
volunteers, 2 and 8 d after a single erytllemogenic UV dose. At 8 but 
not 2 d after UV, SLS-induced inRanunation was significantly reduced 
at tl1e irradiated sites. Whetl1er tllis effect was anti-inRanunatory or 
merely reflected epidem1al and stratum corneum tllickeiling (and 
hence reduced permeability of the skin to irritants) is uncertain. 
In our study, daily application of the zinc oxide sunscreen 
significantly attenuated SLS-induced inflammation (both with and 
without prior UV) but not 11ickel CHS. Zinc is well-known to have 
anti -inflammatory properties (Agren, 1990), which may explain its 
inllibitory effects on SLS-induced but not 11ickel-induced erythema. 
We conclude that significant and specific UV suppression of 
1lickel CHS can be induced in humans with a low-dose 5-d UV 
protocol and that, even with low doses ofUV radiation, immuno-
suppression is not completely prevented by a relatively !ugh SPF 
but narrow-spectrum sunscreen (cinnamate). It therefore seems 
likely that UV A plays an in1portant role in UV immw1osuppression 
and that all sunscreens should contain adequate UV A filters. 
Especially as sunscreens with lligher SPF become more widely used, 
the dose ofUV A transnlitted through naiTow-spectrum sunscreens 
will be of substantial biologic sig11ificance. 
1-ve are gratiful to Dr. i\llalco/111 Neam for prolliSIOII of the S1111scree11s aud 
IIICasurelllellt of their trallslll-issioll spectra. J,y/e also thauk Frallk r-vilkiusou 
(Colll lfiOIIIIIealt./• Scieutijic and I11d11stfial Research Orgauizatiou) for spectral 
111easure111e11t of the UV source aud calibratio11 of the radio111eter. This project was 
supported by the New South Wales Cm1cer C01mcil of Australia. 
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